We have shown Xanthium strumarium exhibit two distinct leaf movement rhythms with one occurring in continuous light and presumably related to an endogenous rhythm initiated by the "light-on" signal and the other occurring in continuous dark and presumably related to an endogenous rhythm initiated by the "light-off" signal.
leaf movements related to each clock are distinctive.
The hypothesis of the participation of a light-on and a light-off rhythm was also found to be applicable to published data (M. . Effects of day length on the movements of pulvinate leaves. New Phytol. 58: 29-45). Interpretation of the Bauhinia leaf movements along this line is also presented.
From analysis of leaf movement data reported by Klien- valia ensiformis plants given repeated treatments of 6 hr of light and 6 hr of dark (LD' 6:6) the leaf movements could be due to a participation of two distinct rhythms, namely a 12-hr and a 24-hr rhythm. The participation of two rhythms was also proposed by Karve and Jigajinni (10) for the opening and closing movements of Portulaca grandiflora leaves. They interpreted the movements to be controlled by a rhythm synchronized by a light-dark treatment and by a central oscillator that is not readily entrained by the light-dark treatment.
The presence of two distinct leaf movement rhythms, a "light-on" and a "light-off" rhythm, has been reported in Xanthium strumarium (9) . The light-on rhythm, which is initiated by the onset of illumination, is characterized by an epinastic leaf curvature occurring 16 hr after the beginning of the light period and in continuous light approximately every 24 hr thereafter. The light-off rhythm, which is initiated by the onset of darkness, is characterized by an immediate upward movement of the leaf reaching a peak in about 4 hr and also occurs in continuous darkness approximately every 24 hr thereafter. This report will present evidence for the possible concurrent participation of the light-on and the light-off rhythms when Xanthium plants are given various photoperiodic treatments. Further evidence on the characteristics of these two leaf movement rhythms is also presented.
MATERIALS AND METHODS
Plants of Xanthium strumarium L. used in these experiments were grown from seeds obtained in the Chicago area. The cultural conditions and methods were similar to those used by previous investigators in this laboratory (13) . The growth chambers used have power groove fluorescent lamps, which give 7500 lux at the leaf surface. The temperature was maintained at 25 + 0.5 C during the light and the dark periods. The light-dark cycles were controlled by G.E. clock timers, and the middle of each light period was set at noon local time.
Plants that had three or four fully expanded leaves at the beginning of the treatment were transferred from the long-day greenhouse to the growth chambers between 9:00 and 10:00 AM on the morning of the experiment. Four interpreted to be present by the epinastic movement that occurs about 16 hr after the beginning of the light period (9) . This dip in the leaf position appears as dip A in the summary curves of Figure 2 and is clearly distinguishable in all but some of the LD 12:12 treatments (Ic and Id or 2c and 2d). In the LD 12:12 treatments the dip is clearly present in about half of the observed 20 plants (Fig. 2d for example) . In the remaining plants the epinastic movement appears as a slight dip in the over-all upward movement. In a paper by Bunning (2), a similar variation in the leaf movement records of Xanthium plants given LD 12:12 can be noted when his Figures 5 and 10 are compared.
If, on the other hand, the length of the light period is at least 14 hr, the epinastic movement of the light-on rhythm is strongly expressed (Fig. 2, e, f) . Similar leaf movement data were obtained by Christensen (3) when he gave X. strumarium plants LD 20:4 cycles.
Light-off Rhythm. The light-off rhythm, initiated by the onset of darkness and interpreted in our leaf movement records as upward movement in the initial part of the dark period, is clearly seen in the LD 8:16 and the LD 10: 14 treatments (Fig.  2, a, b ). In the LD 12:12 treatments, the light-off movement was seen in about half of the records (Fig. 2c) and is masked by the light-on movement in the other half (Fig. 2d) . It appears that with the LD 12:12 treatment the expression in terms of leaf movement of either the light-on or the light-off rhythm is equally possible during the early part of the dark period. The factor or factors that control the expression of one or the other rhythm when the light is turned off are at the moment unknown to us. In the LD 14: 10 treatment the light-off movement seems to be absent, since the light-on rhythm appears to be the dominant factor (Fig. 2e) . In the LD 16:8 treatment, however, it is difficult to determine whether or not the leaf movements at the beginning of the 8-hr dark period are related only to the light-off rhythm (Fig. 2f) (5, 10, 11) . Interpretation of these data is difficult when analysis is based on the participation of only one rhythm. Analysis based on two rhythms participating has yielded good results.
For Bauhinia monandra (7, 8) , the leaf movements may be interpreted as due to the participation of separate light-on and light-off rhythms. A graph (Fig. 3) (curve moving downward) of the leaves by the lig is indicated, respectively, by the solid parallel vei hr apart. Secondly, the light-off signal initiate rhythm that is indicated by a closure of the leaf after the beginning of the dark period and also 24 closure time of the leaves by the light-off rhythm the broken parallel lines 24 hr apart in Figure 3 . I' leaf closure in Bauhinia after continuous light c to a signal for closure either from the light-on o: rhythm and by whichever one occurs first. If the riod was shorter than 12 hr, the leaf closure occui PM / hr after the continuous light period began (see upper three curves of Fig. 3 ). On the other hand, if the last dark period was longer than 12 hr, the leaf closure occurred 24 hr after \ / the beginning of the previous (last) dark period (see lower two curves of Fig. 3 ). Thus, in the cases of both Xanthium and \/ Bauhinia, where the proper light-dark treatments were given, P the application of the two-rhythm concept for the analysis of leaf movement gave a surprisingly good fit. The important interpretation here is that the over-all leaf movement rhythm is apparently controlled by what might be /_______ \called two clocks, a dawn clock and a dusk clock. Furthermore, both of these clocks may have essentially the same basic mechanism with one important distinction. One clock is rephased by the light-on signal and the other by the light-off signal.
As a further thought, a consideration of a recent report by Mayer Figure 2 have some other interesting nts. The light features besides the downward dip A which we have related to Lt 6 AM. Some the light-on signal and the upward movement at the beginning i1 9 PM, 6 PM, of the dark period which we related to the light-off signal. One of Following the these is the peak labeled A' which marks the beginning of the (shown as a downward movement to dip A. This downward movement hr and ended commences approximately 12 hr after the beginning of the light openinguothues period in all cases. It may be that this is a most significant feaoping upward) ture of the light-on rhythm. It may be noted that the beginning ) . The vertical of closure of the leaves of Bauhinia (Fig. 3) in continuous light of the light-on occurred 12 hr after the beginning of the continuous light peurves, the leaf riod. It is this signal for the epinastic movement of the leaf closing to the that conflicts directly with the signal for an upward movement occurs before of the leaf when the plants are exposed to LD 12:12 cycles. the "light-off"
Another feature of these graphs in Figure 2 which would kd of the light seem worthy of consideration is the peak in the curves labeled ir apart is marked by which were favorable for flowering, the leaf movement curves appears that showed a downward movement just before the light-on signal an be related whereas in those cycles lengths which were unfavorable for r the light-off flowering, such was not the case. last dark peConclusion. We believe that the above information lends rred about 12 support to the hypothesis that there are distinct light-on and light-off rhythms involved in the leaf movements of Xanthium. We believe that the over-all leaf movement rhythm of the plant at different photoperiods represents an interaction between the responses to these two rhythms. While there is evidence that a peak in the leaf movement curve coincides with the light-on signal at the critical photoperiod of the plant, we are not prepared to ascribe any particular meaning to this fact.
